Gender inequities in curative and preventive health care use among infants in Bihar, India Background India has the highest rate of excess female infant deaths in the world. Studies with decade-old data suggest gender inequities in infant health care seeking, but little new large-scale research has examined this issue. We assessed differences in health care utilization by sex of the child, using 2014 data for Bihar, India.
Interpretation Girls in Bihar have lower odds than boys of receiving facility-based curative and preventive care, and this inequity may partially explain the persistent sex ratio imbalance and excess female mortality. Frontline worker home visits may offer a means of helping better support care for girls.
Gender inequities, or the lesser treatment of and opportunities for women and girls relative to men and boys, compromise maternal and child health globally [1] [2] [3] . Such inequities are well-documented in India [4] [5] [6] [7] , which has an overall sex ratio of 919 females per 1000 males [4] Although much of the sex ratio imbalance in India has been attributed to sex-selective abortion [1, 8] , the country also has the highest rate of excess female infant and child mortality in the world, with 8.8 more female infants dying per 1000 live births than predicted based on global estimates [9] . Gender differences in health care utilization, particularly in the critical first year of life, may be driving this excess mortality for girls in India [10] [11] [12] .
Gender differences in child health care utilization in India have been documented in multiple forms of health care use [12] , but have been largely un-derstood from studies of immunization using nationally representative household survey data from India from 1992 to 2006. This work consistently documents significantly lower rates of immunization for girls in both India and Bihar [13] [14] [15] . Further, these studies find that the disparity was enhanced for poorer mothers and based on number of siblings, where full immunization was most likely for oldest males and males born after daughters and least likely for girls with older siblings of either sex [15] [16] [17] . Although less research has been conducted on other health care utilization in India, that which has been done documents gender inequities in care seeking for infants and children ill with diarrhea, respiratory or other infectious disease [12, [18] [19] [20] , as well as hospital visits and discharge against medical advice [21] [22] [23] . Studies from India document that parents provide up to four times the household expenditure for male relative to female infants, due to both non-use of care and use of less costly care for girls (ie, relying on public rather than preferred private providers) [18, 24, 25] . Much of this research relies on populationbased data more than a decade old or reports from individual health centers. As such, population-based research is needed to examine the current state of gender inequity in infant and child health care use. A trajectory of improvement in gender inequity in immunizations was seen in the period of 1992 to 2006 [17] , underscoring the need for more recent reports as expansion of immunization and other health programs has proceeded.
Home visits by frontline workers (FLWs) -community health workers (Accredited Social Health Activists or ASHAs), auxiliary nurse midwives, and social welfare workers for children (Anganwadis) -extend public health care reach to marginalized women in low resource settings [26] , and have demonstrated effectiveness and cost-effectiveness in reducing neonatal mortality [27] [28] [29] . Although FLWs are known to face gender inequities in the course of their work [30] , research is lacking on gender inequity among the recipients of FLW services. Such work is particularly needed because a role of such workers is to increase the demand for utilization of essential health services.
The aim of this article is to investigate whether sex of the infant is associated with maternal reports of infant health, health care use, and postnatal home visits from frontline health workers (FLWs) using data from a 2014 statewide representative household survey in Bihar, India, a large state (population 104 million) with high infant mortality (55 per 1000 live births) and sex ratio imbalance (918 females per 1000 males) [31, 32] . Considerations of interactions of sex of the child with wealth and birth order are also explored. This work can offer insights into whether and to what degree gender inequities in infant health care seeking persist in Bihar, with the goal of guiding practical and policy solutions on how to address the excess female infant mortality [33] and sex ratio imbalance in India [31] .
METHODS
Data for this study were collected in March to June 2014 as the follow-up household survey for evaluation of Ananya, a public health program that supported a combination of supply-side and demand generation efforts to increase maternal and child health care utilization via the public health system in Bihar [34] . Evaluation of Ananya involved a two-armed quasi-experimental design, comparing mothers of infants and children from the eight districts in which the Ananya program was implemented to those from the remaining 30 districts assigned to the standard of care control condition. Although Ananya included both a baseline and one-year follow-up household survey, only the latter assessed neonatal health and health care utilization outcomes for mothers of 0-to 11-month-olds, providing variables for this analysis. Trained female study staff, subsequent to acquisition of written informed consent, collected all data. Details on the study' s multi-stage sampling and other procedures are available elsewhere [35] .
The response rate for the sample of mothers of children 0 to 11 months in the survey was 87% (n = 11 654) [35] . The sample was further restricted for this analysis to mothers of living, singleton children (n = 11 570). Ethical approval for the original study was provided by India' s Health Ministry Screening Committee. Ethical approval for this analysis was provided by the University of California, San Diego.
Measures
Dependent variables focused on health and curative and preventive health care utilization and were taken from India' s Demographic and Health Survey, where they had been validated with a comparable study population [36] . Neonatal illness was a binary measure determining whether the infant had any symptoms of illness in the first month of life, including loss of interest in breastfeeding, difficult/rapid breathing, feeling cold to touch, drowsy/difficult to arouse, yellowing of the skin or other symptoms noted by the mother. Neonatal illness was assessed in the subsample of mothers of children aged 1-11 months to allow for completion of the neonatal period (n = 10 836). FLW advised seeking care was a binary measure assessing whether FLWs had recommended seeking facility-based health care for the identified symptoms, and received facility care was a binary measure assessing whether the sick infant received care from a health worker (either public or private sector) for the identified symptoms; both were assessed only in the subsample of mothers of 1-to 11-month-olds reporting neonatal illness symptoms (n = 1217). Hospitalization since birth was a binary measure assessed for all mothers of infants aged 0-11 months with complete data (n = 11 557). Preventive health care use measures included facility check-up at one month (binary, assessed in the subsample of mothers of 0-to 11-month-olds with complete data n = 11 557), and immunizations current (defined as receipt of BCG and three Polio and DPT doses), assessed for infants 9-11 months old with complete data (n = 1994).
Measures related to FLW postnatal care home visits included FLW visit within a week, a binary measure assessed via a single item on whether such a visit occurred within one week of the index child' s birth (n = 11 556, all mothers with complete data). The quality of these visits was then assessed for the subsample of women who reported them (n = 1746) by asking if the visit included each of the following binary measures: FLW discussed baby danger signs, FLW discussed exclusive breastfeeding, FLW discussed KMC (kangaroo mother care, or exclusive breastfeeding with skin-to-skin contact), and FLW discussed how to keep baby warm.
The independent variable was sex of the infant. Covariates included: maternal age (categorized categorized in 5-year increments: 15-19, 20-24, 25-29, 30-34, or as 35 or older for the oldest age category, mother' s education (any vs none), urban/rural residence, birth order of index child (1st/2nd/3rd/4th or higher), whether or not the child had a living brother, and whether or not the participant resided in an Ananya focus district. Minority status (scheduled tribe/scheduled caste or Muslim) and wealth index were also included as covariates. In India, historically disadvantaged castes (Scheduled Castes -SC) and indigenous people (Scheduled Tribes -ST), have been recognized by the government as disadvantaged since independence and are accorded special protections and reservations. National data consistently document greater social, economic, and health disparities disadvantaging SC/ST individuals as well as Muslims, India' s largest religious minority group [4] . Household wealth index was constructed using principle component analysis using participants' housing and asset information, including house construction materials, drinking water source, toilet type, cooking fuel, household members per sleeping room, electricity supply and household assets (such as television, bicycle, radio, car, mobile phone and others), with coefficients based on a prior year survey. This index was created in quartiles based on the larger study which included mothers of 0-to 23-month-olds; this study was restricted to 0-to 11-month-olds as comprehensive neonatal health data were only available for this subsample. Consequently, quartiles are not evenly distributed for this subsample.
Data analysis
Multivariable logistic regression models adjusting for covariates were employed to investigate associations between sex of child and each study outcome. Covariates were considered based on social and other determinants of child health in India [14, 37] and were included in models following the purposeful approach to model selection of Hosmer and Lemeshow [38] . Exploratory analyses also examined the interactions of child sex with wealth, birth order, minority community and mother' s age, to assess whether these covariates were potential modifiers of observed gender inequities, based on their observed importance in prior research [16, 23, 39] . Interactions were added separately to the adjusted model and defined as significant at P < 0.15. All analyses were conducted using the svy package in Stata SE 14 (Stata Corp, College Station, TX) and estimates make use of probability weights accounting for complex survey design and sampling.
RESULTS
Female infants made up 46.3% (95% CI = 45.0-47.7) of the sample, which corresponds to an infant sex ratio of 863 females/1000 males (95% CI = 817-912) ( Table 1) . Crude logistic regression analyses indicate that a lower share of female infants had symptoms of neonatal illness compared to males (9.8% vs 11.9%; OR = 0.7, 95% CI = 0.6-0.9) and a lower share of female infants had been hospitalized compared to males (1.2% vs 4.9%; OR = 0.4, 95% CI = 0.3-0.6) ( Table 2) . However, compared to boys, girls had lower odds of receiving neonatal health care for identified symptoms (80.6% vs 89.1%; OR = 0.5, 95% CI = 0.3-0.8) and of receiving preventive care at a facility at 1 month (5.4% vs 7.3%; OR = 0.7, 95% CI = 0.6-0.9). Gender differences were not seen in immunizations, FLW postnatal visits or FLW advice to seek care. However, neither immunizations nor FLW visits occurred at target levels. Receipt of all immunizations (BCG, Polio 3 and DPT 3) by nine months was 59.9% for girls and 62.2% for boys. Only 16% of girls and boys had received a postnatal care home visit from an FLW in the first week post-partum. Multivariable analyses yielded similar association findings, with girls having lower odds than boys of having health concerns but also lower odds of receiving curative or preventive neonatal care (Tables 3 and 4) . No effects of sex were seen on FLW visits.
Stratum-specific odds ratios for interactions between sex of child and birth order, as well as sex of child and wealth, are presented in Table 5 for outcomes associated with child sex in the primary analyses and demonstrating significant interaction effects (P < 0.15). Only receipt of care for neonatal illness met these criteria. In the case of birth order modifying the effect of sex on receipt of care for neonatal illness, there was no difference among firstborn children but an increasing disparity for females with higher birth order. This culminated in girls having 90% reduced odds of receiving care relative to boys when restricting to fourth or higher child (adjusted OR (aOR) = 0.1, 95% CI = 0.1-0.3). Wealth index also demonstrated significant effect measure modification with child sex in the model predicting receipt of care for neonatal symptoms. The gender inequity disfavoring females was most pronounced among the poorest quartile; similarly, the disparity between highest and lowest quartiles of wealth was more pronounced among females than males. Among the lowest wealth quartile, girls' odds of receiving care were 80% reduced relative to boys (aOR = 0.2, 95% CI = 0.1-0.5). Similarly, among females, those in quartile 1 had lower odds of this outcome relative to those in quartile 4 (OR = 0.3; 95% CI = 0.1-0.7); this association of wealth with receiving neonatal care did not hold among males.
DISCUSSION
Results of this study document significant gender inequities in indicators of curative and preventive neonatal health care use, with girls having lower odds than boys to receive care for neonatal illness and facility-delivered postnatal wellness care. Moreover, observed gender inequity in neonatal care seeking is more pronounced among infants with a larger number of siblings and among households in the poorest wealth quartile, conditions likely associated with a relative scarcity of household resources. These findings indicate that, as seen in smaller scale and older studies from India [18, 21, 24] , gender bias continues to affect parents' health care seeking for the child, and these effects are exacerbated when household resources are limited or over-extended. FLW visits, although currently at low numbers, encouragingly do not exhibit the same bias.
Despite the greater odds of non-receipt of care, girls had lower odds of being reported ill during the neonatal period compared to boys. This finding corresponds with national indications of lower risk of neonatal death for girls relative to boys, suggesting greater biologic vulnerability for boys relative to girls [9] . The odds of hospitalization in the first year of life, a more rare and expensive event, differed even more starkly between boy and girl infants, and as with neonatal illness, may be attributable to biology. However, it may also, at least in part, be attributable to greater use of hospitalization when needed for boys 
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relative to girls. As noted previously, research from India documents that higher-cost medical care, such as hospitalization, is more likely to be prioritized and used when needed for boys relative to girls [18, 24, 39] , while discharge against medical advice is more likely for girls relative to boys [21] .
Importantly, immunization coverage did not differ by infant sex at 9 months, a finding contrary to a number of studies conducted in India in the past [13] [14] [15] [16] . These findings suggest that the growing efforts to maximize immunization coverage since 2006-2007 -when much of the data on gender disparities in immunization were collected -are not only expanding coverage but also reducing gender inequities [40] . Of note, these improvements were based on access to care broadly and not on addressing underlying causes of gender inequities in immunization uptake. Consequently, ongoing gender inequities in use of other health services persist, suggesting that improving access, while important, will be inadequate to address observed gender inequities in care. More work is needed to identify how to work more effectively with parents to increase their value for their girl children, particularly in the presence of older children and male children. Reinforcing this point is a recent analysis of infant and child mortality in neighboring Odisha state, which indicated that while infant and child mortality significantly decreased from 2006 to 2012, the trend was not observed for girls [41] .
A related paradox of extending health programs to combat social inequalities in health is that boys have greater access to these facility-based services than do girls [33] . Use of FLWs via home visits may provide an opportunity to extend reach to girls more effectively, particularly for those from more vulnerable impoverished households [26] . Study findings suggest no gender bias in FLWs' provision of a postnatal visit or advice for child health care seeking. Unfortunately, too few women received a FLW postnatal visit, only 16%. This is particularly disappointing given the promise FLWs offer to help address parents' gender bias in care seeking. A post hoc analysis from these data showed a non-significant trend (P = 0.09) indicating that girl infants who were advised to seek care by an FLW had a higher odds of having received care compared to girls not so advised (89.4% vs 78.6%; OR = 2.3, 95% CI = 0.9-6.2). This association did not hold among boys, who had higher overall levels of care seeking. Together, these findings suggest that improving coverage of FLW services could play a role in alleviating the gender inequity in care-seeking for infants alongside efforts to improve standing of the girl child.
In addition to findings related to gender inequities and health, some findings regarding social inequities were also observed. Adolescent and Muslim mothers had higher odds of having a sick neonate, and among those with a sick neonate, Muslims had lower odds of having a front line worker (FLW) recommend that they seek care for their infant. Interestingly, there was a higher odds of FLWs recommending care for sick infants more to SC/ST and rural mothers, suggesting that FLWs do support care for more socially vulner- aOR -adjusted odds ratio, CI -confidence interval, Ref.
-reference, FLW -frontline health worker, including community health workers (ASHAs), auxiliary nurse midwives, and social workers for children (Anganwadis). *Subsample of postneonatal infants (1 month old). †Subsample of post-neonates who had experienced symptoms of illness during the neonatal period. ‡9 months old. Immunizations current defined as having received Bacille Calmette-Guérin (BCG), 3 doses polio and 3 doses DPT (Diphtheria, Pertussis and Tetanus). §All P values and 95% confidence intervals reflect Wald tests from multivariable logistic regression using probability weights based on survey design and sampling. Table 4 . Associations between sex of the child and frontline health worker postnatal home visits -multivariable models able groups, but perhaps not evenly. Notably, the poorest infants appear to be the most vulnerable, having lower odds than the richest infants of having a FLW recommend care when ill, to receive care when ill, to be hospitalized, and to receive vaccinations, suggesting that poverty remains a key driver for non-use of health care in Bihar. These findings may help explain the heightened risk for infant mortality among the abject poor in India [42] . Sadly, and as noted above, poverty appears to exacerbate what appears to be gender discriminatory effects on neonatal care utilization.
Some study limitations must be considered. Analyses are cross-sectional, so causality cannot be assumed. The data are self-reported by mothers and thus subject to recall and social desirability biases. Additionally, mortality data were not available for this analysis. Participation biases may exist, and we unfortunately did not collect data on those who declined participation to ascertain what these biases may be; the high participation rate (87%, as noted in the methods) reduces our vulnerability to these potential biases. A key challenge for interpretation of this study and many that investigate gender bias in health care is that some of the important outcomes represent both health need and health care utilization. Differentials in hospitalization of baby boys and girls likely reflect differences in severity of underlying illness, gender bias in parents' use of care or referral systems' recommendations for care. Bhan and colleagues found hospitalization for diarrheal illness in a New Delhi hospital was much lower among girls, but mortality was higher at the same time, undermining differential vulnerability as an explanation [23] . Additionally, symptoms of illness in the first month can reflect perception or actual rates of illness [13] . In our survey, the key question about actual receipt of care, restricted to those who endorsed neonatal illness, shows a marked gender inequity, as does the preventive care outcome of onemonth well visits at a facility. These together suggest gender inequity even within the recognized and reported cases of illness and further imply that the same underlying gender bias could contribute to other findings such as the stark difference in hospitalizations. Assessing the presumed effect of health care use on mortality with any possible effect modification by gender would be an important future direction for this research.
CONCLUSION
This study documents significant gender inequities disadvantaging infant girls in the receipt of facilitybased curative and preventive health care in Bihar, India, implying a role of gender bias and neglect on the part of parents. Notably, gender inequity in immunization coverage at 9 months of age was not observed, suggesting dramatic improvement on this issue over the past decade [13] [14] [15] [16] [17] , likely via expansion in local access to vaccinations [40] . Front-line worker visits and services were not implicated in the gender disparity. These findings suggest that focus on gender bias and its impact on parents' health care decision-making remains a concern in Bihar, and inadequate use of health services for girls may be contributing to the excess female mortality rate in the country. Study findings indicate that poverty and a higher number of siblings worsened observed gender inequities and suggest a role for targeting those particularly limited by resources. Broader reach of care beyond the facility, possibly through FLWs and home visits, may offer opportunity to support improvement, but such efforts must coincide with broader social change to support the value of the girl child in India and parents' recognition of this value. aOR -adjusted odds ratio, CI -confidence interval *In addition to the interaction and main effects, the interaction models included remaining covariates of maternal age, household wealth index, mother' s education, birth order of index child, minority community (caste or religion), rural residence, whether or not the participant resided in an Ananya focus district, and whether or not the child had a living brother. Logistic regression models based on the two interactions displayed, birth order and wealth, were tested with an overall Wald test and found to be significant at alpha=0.15. Odds ratios within strata based on those interactions are displayed. †Subsample of post-neonates who had experienced neonatal illness. ‡All p-values and 95% confidence intervals are from logistic regressions using probability weights based on survey design and sampling.
